INTRODUCTION
Phosphatidyl inositol is present in the phospholipids of all eukaryotic cells and also in some
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prokaryotes [1, 2] . Phosphatidyl inositol phosphates, however, can be detected only in eukaryotes where the biosynthesis and metabolism of inositol phospholipids play a central role in signal transmission for a wide variety of neutrotransmitters, hormones and growth factors [3, 4] .
In Neurospora crassa two enzymes are responsible for the production of myo-inositol de novo. Myo-inositol-l-phosphate synthase (MI-1-P synthase, EC 5.5.1.4.) converts glucose-6-phosphate to L-myo-inositol-l-phosphate. MI-l-phosphate phosphatase (MI-1-P-ase, EC 3.1.3.25) releases free inositol.
In N. crassa an as yet unspecified phosphatase may substitute for the mammalian MI-1-P phosphatase in generating free inositol for the synthesis of inositol-containing lipids.
It seemed likely that cyclitol derivatives reacting with the enzymes of inositol metabolism would affect processes that depend on inositol supply. Accordingly, several such compounds were synthesized and screened for inhibiton of prokaryotes and lower and higher eukaryotic cells.
This paper reports the effect of a growth inhibitory cyclitol derivative, (2S,3R,5R)-3-azido-2-benzoyloxy-5-hydroxycyclohexanone upon N. crassa.
(P.I.-658)
MATERIALS AND METHODS

Materials
(2S,3 R,5R)-3-azido-2-benzoyloxy-5-hydroxycyclohexanone (P.I.-658) was synthesized as described by Pelyvfis and his colleagues [5] . Lithium acetate and myo-inositol-l-phosphate were purchased from Sigma (St. Louis, MO). All other chemicals were of analytical grade.
Medium and growth conditions
N. crassa (RL-3-8 wild type) was grown on Vogel's [7] minimal medium. Various concentrations (0-20 txg/ml) of P.I-658 were added to agar slants that were incubated at 27°C for 4-5 days.
Determination of the actiL,ity of MI-1-P synthase
Enzyme activity was determined in the crude extract of N. crassa as described earlier [8] , One unit of activity was expressed as, 1 nmol Pi released/1 h incubation at 30°C from inositol-1-phosphate by periodate oxidation.
Measurement of MI-1-P-ase actic'ity
Determination of MI-mono-P-ase was carried out after purification of the enzyme. N. crassa crude extract [8] was purified by Sephadex G-200 [9] and then by DEAE-Sephadex column chromatography [10] , giving about a 300-fold increase of specific activity. One unit of activity was expressed as 1 gmol Pi released from inositol-1-phosphate per h at 37°C [11] .
Preparation of anti-MI-1-P synthase immune sera
0.3 mg/ml highly purified MI-1-P synthase [12] was homogenized with 0.5 volume of complete Freund's adjuvant. The polyclonal antibodies were prepared by standard procedures [8] .
Immunoelectrophoresis
Amount of protein reacting as antigen with anti-MI-1-P synthase antibodies was determined by rocket immunoelectrophoresis, as described by Laurell [13] .
Determination of inositol and inositol monophosphates
Inositol and inositol monophosphates were separated by anion-exchange chromatography [14] . Inositol from inositol-monophosphates was released by treatment with alkaline phosphatase. Measurement of inositol was carried out by bioassay using inositol-less Saccharomyces cereL, isiae (MC-9) as indicator [15] .
Estimation of protein content
Protein content was determined by the method of Lowry et al. [16] .
RESULTS AND DISCUSSION
Growth inhibition by P.I.-658
Several new cyclitol derivatives have been synthesized [5] for their effects on inositol metabolism and screened for growth inhibition on both prokaryotic and eukaryotic organisms. One of these derivatives, preparation P.I.-658 was inhibitory to N. crassa at about 10 /xg/ml and also altered the morphology (differentiation). P.I.-658 had no effect upon Gram-positive or negative prokaryotes up to a concentration of 100 /xg/ml.
Mode of action of P.I.-658
N. crassa was grown with and without addition of P.I.-658 to the medium. At concentrations of 5.4 and 10.9 p,M, P.I.-658 stimulated the production of MI-1-P synthase ( Table 1 ). The activity and the amount of the enzyme measured immunologically were highly associated, both increasing by about 60%. When higher concentrations were applied, severe growth inhibition resuited and lower enzyme activities were detected, probably through overall proteolysis. The increased synthesis of MI-1-P synthase was suppressed when inositol was added to the medium. Table 2 shows that 5.4/xM of P.I.-658 reduced the concentration of cytoplasmic inositol by about 50%. The decreased inositol level may be respon- Experiments with P.I.-658 and Li + were carried out on different days and were repeated at least three times. Values represent averages of three parallel experiments. P.I.-658 (0, 1.5, 3 txg/ml) and Li + (0, 10, 20 ,ag/ml) were applied. b Protein content in the crude extract. c Antigen content detected with antiserum raised against highly purified enzyme preparation [12] .
sible for the increased MI-1-P synthase production shown in Table 1 . These results are in good agreement with an earlier finding of an inverse relationship between the inositol level and the amount of MI-1-P synthase in N. crassa [8, 17] . Growth of N. crassa was inhibited by 10-25% in the presence of 1.4-2.8 mM Li +, which also stimulated production of MI-1-P synthase as well Treatment with P.I.-658 was carried out for 40 min. Inositol from MI-mono-P-s was released by alkaline phosphatase. Values represent the average of two experiments. In the inositol bioassay four parallels were used. a From the hot water extractable fraction, separated by anion-exchange chromatography [15] . b In the mycelium. N.D. = not determined.
17 Table 3 The effect of P.I. (Table 1) , the activity and the amount of the enzyme were about 40% higher than that of the control. This increase may also be explained by a lower inositol level caused by Li + a known inhibitor of MI-1-P-ase [18, 19] in eukaryotes. Indeed a purified preparation of a MI-monophosphatase of N. crassa was inhibited by both Li ÷ and P.I.-658 (Table 3) . 0.05 mM Li+or P.I.-658 reduced the heat resistant MImono-P-ase by 54% and 67%, respectively ( Table  3 ). The inhibition of free inositol production by P.I.-658 was concordant with the elevation of inositol monophosphates, as shown in Table 2 .
The experiments described have indicated that P.I.-658 affects at least one enzyme (MI-1-P-ase) in the inositol pathway. Some results, however, suggest that its mode of action cannot be explained solely by its effect upon the inositol level. When cultures were treated with various concentrations of P.I.-658 and increasing concentrations (0-50 txg/ml) of inositol, the growth inhibitory effect was only partially prevented.
The similar diminishing effect of P.I -658 and Li + upon the inositol metabolism in N. crassa may indicate that cyclitol derivatives may offer possibilities as new compounds of biological and medical interest.
